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ABSTRACT — The spermatozoa of Halocynthia roretzi have architectural features characteristic of 
ascidian spermatozoa that have been previously described. They have an elongated head (approximate- 
ly 5.5 //m in length) and a single mitochondrion which is closely applied laterally to the nucleus. They 
lack a midpiece. An acrosome is present at the apex of the sperm head. The acrosome of H. roretzi 
spermatozoa is a depressed sphere, approximately 125 X 125x40 nm. 

At an early stage of spermiogenesis a vesicle (about 50 nm in diameter) appears in a blister at the apex 
of each spermatid. During spermiogenesis this vesicle becomes larger (approximately 100 nm in 
diameter). The vesicle in the blister contains moderately electron-dense material located along the 
vesicle membrane. At the completion of spermiogenesis the vesicle is most probably flattened by the 
elongating nucleus and transforms into an acrosome. 


INTRODUCTION 

Recent studies have shown that the spermatozoa 
of ascidians have an acrosome(s), albeit a small 
one [1, 5, 9]. In spite of various studies on 
fertilization in H. roretzi , there is still a debate 
over whether or not an acrosome is present in this 
species. 

In Ciona intestinalis, the morphological changes 
in sperm associated with fertilization are becoming 
clear. An acrosome reaction occurs via vesicula- 
tion on the surface of the chorion or after penetra- 
tion through the chorion. In the perivitelline 
space, apical processes protrude from the apex of 
the sperm head. Gamete fusion occurs between 
these apical processes and egg plasmalemma, re- 
sulting in the incorporation of the sperm head into 
the egg via its anterior region [6-8]. 

In order to develop a satisfactory understanding 
of the general mechanism of ascidian fertilization, 
further studies on morphological aspects of ferti- 
lization in other ascidian species are indispensable. 
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In this paper, the authors describe the acrosome 
and its differentiation during spermiogenesis as a 
preliminary step in the analysis of morphological 
aspects of fertilization in H. roretzi. 

MATERIALS AND METHODS 

The solitary ascidian, Halocynthia roretzi (Type 
C)[13, 14] was collected near Asamushi Marine 
Biological Station, Aomori, Japan. 

For TEM observations on spermiogenesis and 
on the differentiated spermatozoa, the testes and 
the sperm duct were prepared for electrom micros- 
copy according to a method described by Fukumo- 
to [2]. Electron micrographs were taken on a 
Hitachi H-300 electron microscope operated at 75 
kV. 

RESULTS 

The acrosome in Halocynthia roretzi sperm 

A fully differentiated spermatozoon of H. roret- 
zi is approximately 40 pm length. It consists of a 
head and a tail. It lacks a midpiece. The head 
(approximately 5.5 pm long) contains an elon- 
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gated nucleus and a single mitochondrion which 
flanks the nucleus (Fig. 1). An acrosome is present 
at the apex of the head (Fig. 1, arrow). 

The fully differentiated acrosome is approx- 
imately 125x125x40 nm (Figs. 2, 3 and 4). At 
the region where the acrosome is located, the inner 
and outer nuclear membranes are in extremely 
close contact with each other and form a “pedes- 
tal” for the acrosome (Figs. 2, arrow and 3). 

Acrosome Differentiation during Spermiogenesis 

The early spermatid is spherical and contains a 
round nulcues and a single mitochondrion. The 
chromatin exists as thin strands which are present 
throughout the nucleus. A fairly well developed 
Golgi apparatus with its associated vesicles is pre- 
sent in the cytoplasm (Fig. 5, arrow). The vesicle 
contains moderately electron-dense material (Fig. 
6 ). 

In spermatids mid-way through spermiogenesis, 
the nucleus has undergone some antero-posterior 
elongation. The future apex of the sperm corres- 
ponds to the blister (Fig. 7, arrow) and the future 
proximal end of the sperm head corresponds to the 
region where the flagellum extends out. During 
this stage the chromatin strands begin to become 


oriented parallel to the antero-posterior axis of the 
spermatid (Fig. 7). At this stage of sper- 
miogenesis, the blister protrudes out from the apex 
of the sperm head. Moderately electron-dense 
material in the vesicle is located along the vesicle 
membrane (Fig. 8). 

In spermatids at later stages of spermiogenesis, 
the nucleus further elongates antero-posteriorly in 
a helical configuration. This morphological change 
of the nucleus is accompanied by a change in the 
arrangement of the chromatin strands in the nuc- 
leus; chromatin strands which were arranged para- 
llel to one another along the longitudinal axis of 
the nucleus coil up in a definite pattern (Fig. 9). A 
blister continues to be present in the anterior 
region (Fig. 9, arrow). A vesicle is present in a 
blister (Fig. 10). The nuclear membranes at the 
blister form an indentation, in which both the 
inner and the outer nuclear membranes are in 
close contact with each other (Figs. 8 and 10). The 
plasmalemma enclosing the blister is decorated by 
fuzzy material on its external surface (Figs. 8 and 
10 ). 

At the completion of spermiogenesis, the vesicle 
in the blister becomes a depressed sphere (Figs. 11 
and 12) and transforms into an acrosome. This 


Fig. 1. Sagittal section through the head of a differentiated sperm. An acrosome (arrow) is present at the apex 
between the plasmalemma and the nuclear membranes. Fuzzy material (F) which decorates the outside of the 
plasmalemma enclosing the apex is thicker than it is on other parts of the head. M, mitochondrion; N, nucleus. 
The bar indicates 1 fim. 

Figs. 2 and 3. Sagittal and cross sections through the apex of a differentiated sperm head, respectively. An acrosome 
is present between the plasmalemma and nuclear membrane, where the inner and the outer nuclear membranes 
make close contact with each other to form a “pedestal” (arrow) for the acrosome. F, fuzzy material. The bar 
indicates 200 nm, which is also applicable to the Figs. 3 and 4. 

Fig. 4. Frontal slightly oblique section through the apex of the head. An acrosome (A) is recognized as a sphere in 
the central region of the pear-shaped pedestal. F, fuzzy material. 

Fig. 5. An early spermatid in which a blister is present (arrow). G, Golgi complex; M, mitochondrion; N, nucleus. 
The bar indicates 2.5 /^m (This is also the magnification for Figs. 7 and 9). 

Fig. 6. Enlargement of the blister region. A veiscle which contains electron-dense material is present in the blister. 
Fuzzy material covers the outside of the plasmalemma enclosing the blister. F, fuzzy material; N, nucleus. The 
bar indicates 200 nm (This is also the magnification for Figs. 8 and 10). 

Fig. 7. Longitudinal section through a spermatid at a middle stage of spermiogenesis. The nucleus has begun to 
elongate antero-posteriorly. A blister (arrow) is present at the apex. M. mitochondrion; N, nucleus. 

Fig. 8. Enlargement of a blister region in a spermatid midway through spermiogenesis. A vesicle with a central 
electron lucent region is present in the blister. The inner and the outer nuclear membranes are in close contact 
with each other (arrow). Fuzzy material (F) decorates outside of the plasmalemma enclosing the blister. 

Fig. 9. Longitudinal section through a spermatid at a late stage of spermiogenesis where the elongated nucleus has a 
helical configuration. A blister (arrow) is present at the apex. M, mitochondrion. 

Fig. 10. Enlargement of a blister region in a late stage spermatid. The blister projects more than that at early stages 
of spermiogenesis. A vesicle is present in the blister. Fuzzy material (F) decorates outside of the plasmalemma 
enclosing the blister. 
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Figs. 11 and 12. Sagittal and transverse sections 
through the apex of the head of a sperm that has 
almost completed maturation. The vesicle in the 
blister becomes an ellipsoid. Where the vesicle is 


morphological change of the vesicle most likely 
occurs as a consequence of the elongation of the 
nucleus. Moderately electron-dense material 
(MEDM) is present in the space between the 
plasmalemma and the nuclear membranes (Fig. 
11). A cross section at the level of the MEDM 
reveals that this material is located at one side of 
the sperm head (Fig. 13) below the acrosome (Fig. 
ii). 

DISCUSSION 

During acrosome differentiation in other animal 
species, proacrosomal vesicles derived from Golgi 
complex(es) coalesce to form one acrosomal vesi- 
cle. In ascidians, a similar process has been 
reported. In Pyura haustor and Styela plicata, two 
vesicles usually appear in a blister at the apex of 
these spermatids in an early stage of sper- 
miogenesis. They fuse to form a single acrosome- 
like structure in the apex of differentiated sperma- 
tozoa [3]. In Molgula manhattensis, at least three 
or four vesicles which are moderately electron- 
dense appear in the blister at the apex of spermatid 
in early stages of spermiogenesis. They fuse with 
each other to form an acrosomal vesicle [4]. In H. 
roretzi, in most cases, one vesicle appears in the 
blister of young spermatids. The vesicle becomes 
larger during the course of spermiogenesis (com- 
pare Figs. 6 and 8). This probably occurs via the 
coalescence of smaller vesicles. These findings are 
consistent with reports on acrosome differentiation 
in other animal species. With respect to the origin 
of the vesicle in the blister, no direct evidence has 
been found to show that it is derived from the 
Golgi apparatus. In view of the fact, however, that 
early spermatids have a fairly well-developed Gol- 


located, the inner and the outer nuclear membranes 
come into close contact with each other to form a 
“pedestal” (arrow) for the vesicle. Moderately 
electron-dense material (MEDM) is present in the 
space between the plasmalemma and the uclear 
membranes near the apex. Fuzzy material (F) 
covers the outisde of the plasmalemma enclosing the 
apex. N, nucleus. The bar indicates 200 nm, which 
is also applicable to Figs. 12 and 13. 

Fig. 13. Transverse section through the head at the 
level of the MEDM. The MEDM occupies almost 
half of the space around the nucleus. 
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gi apparatus and Golgi-derived vesicles, it seems 
safe to assume that they are derived from Golgi 
vesicles. 

Recently, Lambert and Koch [12] have argued 
that the vesicles in ascidian spermatozoa should be 
called ‘apical vesicles’ until criteria for their posi- 
tive identification as acrosomes can be more close- 
ly met. However, if a vesicle(s) is present in the 
proper location for an acrosome, this would be one 
kind of evidence for the existence of an acrosome, 
because acrosomes are anteriorly located vesicles 
in the sperm of other animals. Furthermore the 
vesicle in ascidian spermatozoa is not an oddity 
which is only found in one or two species, but a 
feature of all species examined in the Orders of 
Pleurogonan and Enterogonan ascidians [5, 9]. 
These are two good reasons for applying the term 
“acrosome” to these vesicles. We can conclude 
that spermatozoa of H. roretzi have an acrosome 
as has been confirmed in other ascidian species [9]. 

Recently it has been found that caffeine or 
theophylline induces morphological changes in the 
acrosome of Ciona intestinalis spermatozoa. These 
morphological changes have been referred to as an 
acrosome reaction. The acrosome reaction occurs 
by fusion between the acrosomal outer-membrane 
and the plasmalemma enclosing the acrosome. 
The fusion seems to proceed along the peripheral 
margin of the acrosome, resulting in vesiclulation 
[8]. Morphological studies on the acrosome reac- 
tion in H. roretzi are now in progress. 

In H. roretzi , the egg is enclosed by a relatively 
thick acellular chorion (vitelline coat). For suc- 
cessful gamete fusion, spermatozoa must pass 
through the chorion. Sperm might utilize chorion 
lysin(s) in order to pass through the chorion. 
Indeed, there is evidence that spermatozoa of H. 
roretzi contain proteases that act as lysins [10, 15]. 
However, it is not clear where the lysins are 
located in spermatozoa. Recent studies on ferti- 
lization in H. roretzi reveal that spermatozoa can 
pass through the chorion (vitelline coat) with an 
intact acrosome and have loose their acrosome in 
the perivitelline space (Fukumoto, in prepara- 
tion). This suggests that chorion lysin(s) are 
associated with the surface of the plasma mem- 
brane of sperm head. The chemical nature and the 
precise role of the acrosomal substance remain 


obscure. 

In H. roretzi, Kubo et al. [11] reported that an 
acrosome was formed from Golgi-derived vesicles 
midway through spermiogenesis. They speculated 
that during further differentiation this acrosome 
was translocated to the space between the plas- 
malemma and the nuclear membranes near the 
apex of the sperm head, where it was recognized as 
an accumulation of moderately electron-dense 
material (MEDM). Although the MEDM is not a 
vesicular structure, they considered it homologous 
to an acrosome. However, they concluded that the 
acrosome had dissappeared before the completion 
of spermiogenesis, because they could not find an 
acrosome in mature spermatozoa. In this study an 
MEDM was seen in the same region of spermatids 
as has been described by Kubo et al. [11] during 
spermiogenesis (Figs. 11 and 13). In contrast to 
their descriptions, the MEDM is not homologous 
to an acrosome (Fig. 11). The precise role and fate 
of the MEDM remains unknown at present. 
Although Kubo et al. [11] found the blister at the 
anterior tip of spermatid, they did not find the 
vesicular “precusor of the acrosome” in the blister 
and the acrosome at the apex of the differentiated 
sperm head, which are described here. 
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